In recent years, Austria has experienced highly variable forest fire activity with new record values regarding the number of fires and sizes of burned areas. Single seasons in 2011, 2012 and 2013 showed 20-year-peaks and significant differences regarding fire activity. A statistical overview of datasets from Austria, Switzerland, Italy and Slovenia is given, allowing a preliminary comparison between the Alpine countries. Higher temperatures in combination with local dry weather conditions are hypothesized as reasons for the observed anomalies. Further analysis will be done with new climatic data in high spatial resolution from the "AgroDroughtAustria" project to confirm these preliminary findings.
Introduction
Austria is an Alpine Central European country with a forest cover of 47% mainly dominated by coniferous tree species. Forest fires in Austria play no major role compared to the damages and costs by other natural disturbances (e.g., storm, bark beetles). However, they are likely to become more important as expected impacts of climate change, socioeconomic changes and general trends in the provision of OPEN ACCESS ecosystem services are supposed to evolve [1] [2] [3] [4] [5] [6] [7] . The exact consequences of these changes are unclear, due to a lack of knowledge in most of the influencing factors. The best investigated parameters that are coupled with the occurrence of forest fires are the meteorological conditions. Regional climate models suggest an increase in temperature and a reduction of precipitation in summer and autumn, especially in the south and east of Austria, which would likely lead to more frequent forest fires [8] [9] [10] [11] . Since the 1980th, longtime trend of yearly mean temperature showed a steady increase, with 2014 being the warmest year ever recorded [12] . Annual precipitation had a high variance in the last decades but mostly increased since 10-20 years and stayed above long term average in recent years.
In 2008 the Institute of Silviculture at the University of Natural Resources and Life Sciences in Vienna started research on forest fires in Austria. Within the projects AFFRI (Austrian Forest Fire Research Initiative), ALP FFIRS (Alpine Forest Fire Warning System) and FIRIA (Fire Risk and Vulnerability of Austrian Forests under the Impact of Climate Change) more than 2700 forest fires were recorded from the period 1993 to 2014. Analysis on the occurrence, distribution, causes and characteristics of forest fires were accomplished [13] . Case studies, fuel investigations and fire behavior modeling followed basic research [14] [15] [16] . In 2013 a forest fire database and public accessible Web-GIS were developed to standardize the acquisition of forest fire data and to improve the access to recent findings [17] .
In this short communication we want to present preliminary findings regarding the exceptional occurrence of forest fires in Austria and neighboring countries in recent years. What we primarily mean with the term "anomaly" is a deviation from the common rule without considering the amount of deviation of a (meteorological) quantity from the accepted normal value. We want to report an observation from the real world of fires to provide some words of caution.
Alpine Fire History
Valese et al. [7] showed that there were different fire epochs in the Alps, depending on human influence. Until the Neolithic period, fires were only ignited by lightning, leading to fire return intervals of 300 to 1000 years [18] . Progressively, as human population grew, fire became a tool for adapting the environment [19] [20] [21] . Approximately 150 years ago fire suppression policies came up for reasons associated with the protection of timber production [22] . The fire control approach led to a low number of wildfires first, but was followed by a shift to larger and intensified fires in the last decades [7, 23] .
In the south of Switzerland Tinner et al. [24] took pollen and charcoal data from the sediments of two lakes. They pointed out that fire played a major role in the past, at least in the south of the Alps. According to their findings, the occurrence of Abies alba, Mill., a species also very common in Austria, decreased according to higher fire frequency about 5000 years ago. Also other studies demonstrated that fires influenced vegetation dynamics in the Alps and changed tree composition [25] [26] [27] . Kral [28] investigated sediment and pollen samples from different lakes in Austria. He underlined the high variance of the occurrence of trees and perennials during the last centuries, driven 60% per human influence and 40% per climate. Still, no evidence was given on the potential impact of forest fires.
Many chronicles of municipalities and local field names in Austria hint at devastating forest fires before 1900 [29] [30] [31] [32] . Reports of fires with a size up to 3000 hectares are known-almost thirty times as large as the biggest area burned in the past 100 years. Indeed, these examples seem to be exceptions and do not, according to the small number of events, provide a possibility to compile a historical fire pattern. Nevertheless they indicate a long fire history in the Alps [33] .
The Austrian Fire Regime
The definition of "fire regime" lacks a clear and established definition, but often includes factors like frequency, intensity, extent, season and type of fire [34, 35] . In Austria, the yearly distribution of these attributes greatly depends on regional weather conditions. These conditions are highly variable within the Alpine region, locally and temporally and during the whole year [36, 37] . Because homogenized long-term data are missing and the number of yearly forest fires ranges around 200 incidents, most of them below one hectare in size, it is difficult to define a classical fire regime. Anyway, in the last 20 years, the period with a systematic collecting of forest fire data, the highest numbers of forest fires were found in spring, especially in March and April. A second smaller peak correlated with the summer months July and August. The major part of these fires occurred in Lower Austria, Carinthia and Tyrol, the southern and eastern parts of Austria [13] . Although it is difficult to draw conclusions on single years, it was observed that exceptions are becoming the rules in the last fire seasons [38, 39] . To explain this phenomenon, we take a closer look at the years 2011, 2012 and 2013-three years which tend to indicate some "fire anomalies". Table 1 shows the yearly distribution of the number of forest fires and the reported burned area in hectare from 1993 to 2013. The yearly standard deviation of fire incidents was σ = 50 (spring), 42 (summer) and 10 (autumn), which nearly represents the seasonal mean values of forest fire events. Regarding the burned area, standard deviation ranged from σ = 33.9 hectares (spring) to 34.8 ha (summer) and 6.1 ha (autumn), wherewith all three values lie above the seasonal mean values of burned area.
Austrian Forest Fire Anomalies
What we found in the three years 2011-2013 was a shift of seasonal fire peaks. Each year brought one exceptional strong accumulation of fire events during one season. In 2011 autumn brought along a never seen before outbreak of forest fires, in 2012 the same happened in spring and in 2013 the summer months followed the trend of seasonal fire anomalies ( Table 2) .
The year 2011 started with an exceptional high number of forest fires in spring. In contrast, summer fires were far below mean values. Then autumn came and brought the driest November ever documented in Austria [40] . Regions above high inversion fog experienced one of the warmest Novembers too. Nearly 50 forest fires burned 27 hectares of forest land between September and November. This sounds not very impressive, but exceeded the average fivefold-and made it the strongest autumn fire season recorded in the Austrian fire database. To test the significance of this pattern, a one-way ANOVA including a Post-hoc-Test considering the Games-Howell-Index was performed (p < 0. The year 2012 was characterized by the highest number of spring fires ever recorded; and it came up with another surprise: The earliest ever documented lightning induced forest fire, ignited on 24 March. Normally 95% of lightnings-and 98% of lightning induced forest fires-occur in the summer months from May to August [16, 41] . The reasons for this lightning fire seemed to be the exceptional dry conditions combined with high temperatures and strong spring convection, which led to widespread thunderstorm evolution. The extraordinary high number of forest fires was likely caused by a severe drought since several months and the third warmest March ever recorded [42, 43] . ANOVA analysis showed, that this season was significantly different to all other years, except for the spring season in 2011 (p = 0.26), where besides the drought in autumn another dry spring season occurred and forest fire activity was extraordinary high too.
The year 2013 started with the lowest number of spring fires since 1999 and the lowest burned area ever recorded, caused likely by a wet winter-one of the wettest ever recorded in Southern and Eastern Austria-as well as spring season and sunshine hours far below average [44] . After a flood disaster with heavy rainfall in many parts of Central Europe at the beginning of June, the forest fire year 2013 seemed to have taken an early end. However, from mid-July to mid-August, extremely hot and dry conditions were observed. Winter season 2013/2014 continued seasonal anomaly: it was the second warmest winter in Austria since more than 200 years [46] . In the south of the Alps precipitation was far above average, with amounts from 200% to 300% of an ordinary season. On the contrary, the north of Austria experienced very dry conditions with precipitation amounts under 40% of average. This corresponds to the lowest value since 150 years. Likely because of missing winter storms, rare foehn events and the altitude of the dry regions-mostly under 1000 m above sea level and so within the area of fog formation, which leads to wet and therefore unburnable fuel conditions-there were only some small forest fire events recorded.
Comparison with Other Alpine Countries
Several authors have identified large and extraordinary forest fires events in the Alpine region in recent years, often associated with heat waves and dry foehn winds, which is generally seen as an indication of a changing climate that may lead to new fire regimes in the Alps [23, [47] [48] [49] [50] . When comparing the described anomalies of the Austrian forest fire records with datasets from neighboring countries, there could be found some similarities, at least for the eastern parts of the Alpine region (Table 2) . In autumn 2011, Slovenia also experienced a new record in number and burned area of forest fires. The north of Switzerland recorded the largest total burned area, but only three forest fires, which corresponds to average. In Italy the north-east saw more fires than in a typical season, yet the burned area was only half of the normal value. For spring 2012, also the north of Italy reported a never seen before lightning fire so early in the year that burned 300 hectares [7] very close to the southern border of Austria. Despite the high number of fires in Austria, there could not be found new record values in other countries. However, extraordinary high numbers of forest fires were documented in the north-east of Italy and in Slovenia. In north-west Italy and Switzerland, the number and sizes of burned areas stayed below average. In summer 2013, a new record in the number of forest fires was detected in the North of Switzerland. At the same time the fires in the South burned the largest area ever recorded in a summer season. The north-east of Italy experienced above-average numbers of fires and also burned areas, especially in the region bordering Austrian Carinthia (Friuli), while the north-west showed a below-average fire season. Slovenia observed slightly more fires than usual but only a quarter of the mean burned area (Table 2 ).
Discussion
Maybe the observed forest fire "anomalies" reflects the "normality", due to the variance of meteorological conditions in Austria [36, 37] . Considering regional climate scenarios which predict more heatwaves and longer drought periods in summer and autumn, fire seasons like in 2011 and 2013 should become more frequent. Still, this future impact on the Alpine region is not that clear. While past regional climate model runs indicated a strong increase in temperature in the future-up to eight degree until 2100 [51, 52] -actual findings in the context of IPCC5 pointed to the fact, that global and regional models have difficulties to reproduce the nearly stagnation in temperature increase during the last fifteen years and may overestimate the intensity and duration of heat waves [53, 54] .
The lightning fire in March 2012 may have been a strange coincidence. Dry periods in spring were frequent in the past, but combined with strong convection not associated with frontal systems-so called heat thunderstorms-they seem to be very rare in March [7] . There is an indication that the number of lightnings will increase with changing climatic conditions, which might influence the ignition patterns of forest fires as well [55] .
When comparing the numbers of small forest fires below one hectare in size, there is a discrepancy to older fire data. Because forest fires have become better documented by fire brigades since the evolution of the World Wide Web, more small fires were found and collected. If we only take into account those fires which reached at least one hectare in size, the addressed anomalies and general significance levels from the years 2011, 2012 and 2013 remain unchanged. As a recent study showed, the Austrian fire database since 1993 is consistent regarding fires greater or equal one hectare in size [56] . It has also to be noted, that around half of the reported forest fires in the last 20 years lack information about the burned area. Yet we believe that most of these fires were small in size, as larger fires are generally better documented and can be found in different data sources. However, a sound statistical analysis would require a full data set for all records.
The small number of datasets used in this short communication is also a limitation of the current analysis. Because homogenized forest fire data in Austria is just available from 1993 onwards, we could utilize only 21 years for the analysis. For climate related comparative studies at least 30-year-data are used. However, the collection of forest fire data in Austria-and in other Alpine countries like Italy-is difficult, time-consuming and labor-intensive. A standardized and centralized collection of forest fire incidents does not exist. Additionally, forest structure and ownership are quite small scaled and dispersed. Around 56% of the forests in Austria are privately owned with an average size of less than 5 hectares per owner. However, continuous efforts will be made to enhance the data used for further analyzes, especially regarding the temporal extent.
The differences/similarities between the selected forest fire data for Austria and the neighboring countries may be a result of Alpine weather patterns [52] . Because the eastern parts of the Alps show greater fire anomalies, precipitation during cyclone activity in the northern Mediterranean Sea might lead to wetter conditions in the western and dryer conditions in the eastern Alps. Spring seasons showed an increase in the number of drought periods during the last 20 years [57] . This correlates with more frequent spring fires-the four most active spring seasons occurred in the last seven years [13] . However, a period of 20 years is too short to conclude a tendency. In the late 80s and early 90s of the past century, the number and duration of dry intervals in spring was higher than in recent years. A short statistical overview for Vienna-located at the easternmost border of the Alps-showed that the duration and seasonal occurrence of drought periods in the last 250 years did not change significantly [57] . Indeed, this finding has to be proved with high resolution drought data, available from the "AgroDroughtAustria" project [58] .
We hypothesize that it's not precipitation alone, which causes seasonal anomalies and influenced numbers and burned areas of forest fires, but a combination of drought periods and higher temperatures in the eastern Alpine region. To improve knowledge about the possible impact of climate behavior on forest fire occurrence it is planned to perform an analysis in 2015 with new data from the "AgroDroughtAustria" project, funded by the Austrian Climate Research Program, which has the goal to develop a drought monitoring system for Austria. We want therefore enhance the results of recent studies, which analyzed the link between weather and forest fire activity in the Alpine region [59, 60] .
Another possibility for the seasonal and regional increase of forest fire activity may be found in changed socioeconomic factors, like a shift in outdoor activities. Besides meteorological parameters, socioeconomic effects were found one of the main drivers in the occurrence of forest fires in Austria [5, 61] . However, a combined interpretation of the relevant parameters is difficult to achieve on a larger scale as data on infrastructure, population density or other relevant anthropogenic parameters are not available on each scale.
